Abstract. Solitary cysticercus granuloma is a common neuroimaging abnormality in Indian patients with new-onset epilepsy. Calcific transformation of cysticercus granuloma is frequently associated with seizure recurrence. We evaluated predictors of lesion calcification in patients with solitary cysticercus granuloma and new-onset seizures. One hundred twenty-two patients, with new-onset seizures and a solitary cysticercus granuloma of the brain, were enrolled. All patients were clinically and radiologically evaluated and were treated with antiepileptic drug drugs. No patient received albendazole or corticosteroids. The follow-up period was of 1 year. Follow-up computed tomography was performed after 3 and 6 months. In 68 (54.8%) patients, solitary cysticercus granuloma had transformed into a calcified lesion. On logistic regression analysis, moderate-to-severe edema was a significant factor that predicted calcific transformation of the cysticercus granuloma (odds ratio: 3.325; 95% confidence interval: 1.502-7.362). During 1 year of follow-up, 19 (15.6%) patients experienced seizure recurrence. In 16 patients with seizure recurrence, cysticercus granuloma had transformed in to a calcified lesion. In conclusion, in solitary cysticercus granuloma, calcification of the lesion can be predicted if larger amount of perilesional edema is present. Calcification of the granuloma significantly predicts seizure recurrence.
INTRODUCTION
Neurocysticercosis is the most common parasitic infection of the central nervous system caused by the larvae of the human tapeworm Taenia solium. Neurocysticercosis is a leading cause of epilepsy in many resource-constrained countries including India. 1, 2 Solitary cysticercus granuloma is the most frequent form of neurocysticercosis seen in India and it is the commonest neuroimaging abnormality encountered in patients with new-onset seizures. [3] [4] [5] [6] Natural course of a neurocysticercus lesion in the brain parenchyma passes through four different stages. The "vesicular" stage represents a cystic structure filled with clear fluid having an eccentric scolex and evokes no demonstrable inflammatory reaction. In the next colloidal stage, the osmotic barrier of the cyst wall breaks down resulting in inflammatory changes in the cyst wall as well as in the surrounding brain parenchyma. Subsequently, progressive thickening of the cyst wall, hyaline degeneration, and mineralization of the cyst take place. Decrease in cyst size, mineralization of cystic fluid, and disintegration of the scolex lead to development of a "granularnodular" stage. The last "calcified" stage represents a healed and completely mineralized cyst. 7 Solitary cysticercus granuloma classically represents the colloidal or granular-nodular stage. On neuroimaging, solitary cysticercus granuloma is characterized with a ring or discshaped enhancement, a size of lesion less than 20 mm in diameter, and a variable amount of perilesional edema. The scolex is seen as an enhanced or a calcified eccentric dot within the granuloma. In its natural course, solitary cysticercus granuloma can either resolve spontaneously or can transform into a calcified nodule. Calcific transformation of cysticercus granuloma is often associated with seizure recurrence. [8] [9] [10] [11] In this study, we evaluated the predictors of lesion calcification in patients with solitary cysticercus granuloma and new-onset seizures. We also assessed the predictors of seizure recurrence in these patients.
MATERIALS AND METHODS
This prospective study was carried out in the Department of Neurology, King George's Medical University, Lucknow, Uttar Pradesh, India, from August 2013 to August 2015. The study was approved by the Institutional Ethics Committee of our university. Written informed consent was obtained from all patients or their legal guardians, prior to the enrolment into the study.
Consecutive patients with new-onset seizures were subjected to contrast-enhanced computed tomography of the brain within 7 days of first seizure. Computed tomography was performed on PHILIPS Brilliance ™ CT (64 slice scanner; Philips Medical Systems, The Netherlands) machine and a slice thickness of 0.3 mm was obtained.
Inclusion criteria. Patients presenting within 7 days of first seizure and demonstrating a single ring/disc enhancing lesion of less than 20 mm in diameter, with variable amount of perilesional edema were included in the study. An eccentric nodule was supposed to represent the scolex. 12 Exclusion criteria. The patients with systemic malignancy, systemic tuberculosis, human immunodeficiency virus infection, pregnancy, progressive neurological deficit, raised intracranial tension, and hydrocephalus were excluded. Patients with previous history of seizures and those receiving corticosteroids or albendazole were also excluded.
Patient evaluation. A detailed clinical history was obtained and neurological examination performed in all included subjects. The laboratory tests such as complete hemogram, erythrocyte sedimentation rate, renal function tests, liver function tests, and enzyme-linked immunosorbent assay for human immunodeficiency virus were performed. Electroencephalography (EEG) was also performed. EEG was done on a 21-channel machine, by using the International 10-20 system of electrode placement. EEG was considered abnormal if epileptiform activities were demonstrated.
*Address correspondence to Ravindra Kumar Garg, Department of Neurology, King George Medical University, Lucknow, Uttar Pradesh 226003, India. E-mail: garg50@yahoo.com All computed tomography records were independently evaluated by two neurologists and imaging findings were recorded with consensus. The site, size, presence or absence of scolex, and stage of the solitary cysticercus granuloma were noted. The perilesional edema, on computed tomography, appeared as a variable amount of hypodensity around the granuloma or the calcified lesion. The perilesional brain edema was categorized into three grades. Mild edema was defined as extension of edema to not more than 2 cm from the margin of the lesion. Moderate edema was defined as extension of edema beyond 2 cm from the margin of the lesion up to one half of the cerebral hemisphere, and severe perilesional brain edema was defined as extension of edema to more than half of the cerebral hemisphere. 13 The scolex appeared as a hyperdense/enhancing tiny nodule, within the granuloma.
Ring lesions were characterized by ring-shaped contrast enhancement representing enhancement of cyst wall. Ring lesions characterized the colloidal stage. Disc lesions were characterized by a disc-like homogenous enhancement representing enhancement of cyst contents as well as the wall. Disc lesions described the granular-nodular stage. 3, 4 Treatment. No patient was treated with albendazole or corticosteroids. All patients were treated only with antiepileptic drugs. Oxcarbazepine was given in dose of 10-15 mg/kg/day in two divided doses. Clobazam was added if seizure control was not achieved.
Follow-up. Patients were followed up for 1 year. A followup computed tomography was done after 3 and 6 months. Seizure recurrence was defined as occurrence of another seizure at least 2 weeks after the institution of the antiepileptic therapy. Status epilepticus was defined as generalized convulsions exceeding more than 5 minutes in duration or convulsions with no recovery of consciousness between seizures. Serial seizures were defined as multiple seizures occurring within 24 hours. In case of seizure recurrence, patients were advised to report immediately to the investigator-in-charge.
The lesion was considered as "calcified" if the follow-up non-contrast-enhanced computed tomography revealed a hyperdense lesion in place of the solitary cysticercus granuloma ( Figure 1 ). The lesion was considered as "resolved" if the follow-up computed tomography was reported normal. Solitary cysticercus granuloma was considered "persistent," if the contrast-enhancing ring/disc lesion was still visualized.
Statistical analysis. The data were analyzed using the SPSS statistical software (version 16.0; SPSS Inc., Chicago, IL) and Microsoft Excel (Microsoft Corp., Redmond, WA). Factors associated with calcification of granuloma were identified by univariate and multivariate analyses. Multivariate analysis was performed by using the stepwise logistic regression model. To determine the predictors of seizure recurrence, seizure recurrence was taken as the dependent variable and all variables found statistically significant on univariate analysis (lesion size, stage of lesion, calcification, and abnormal EEG) were taken as independent variables. To look for predictors of calcification, calcification was kept as the dependent variable and variables found statistically significant on univariate analysis (moderate-to-severe perilesional edema and seizure recurrence) were kept as independent variables. The variables that were analyzed included age, sex, seizure semiology, seizure pattern, initial seizure frequency, seizure recurrence, family history of seizures, history of headache, Todd's palsy, lesion site, size, presence of scolex, and perilesional edema. Data available at 6 months of enrolment were used. A P value of < 0.05 was considered statistically significant and all analyses were two tailed.
RESULTS
In our study, 163 consecutive patients, fulfilling clinical and neuroimaging criteria for solitary cysticercus granuloma, were screened. Forty-one patients were excluded from the study. Thirty-two patients had already received albendazole and/or corticosteroids and five patients had concomitant systemic tuberculosis. Four patients refused consent. Finally, a total of 122 patients were enrolled (Figure 2) .
Baseline characteristics. In our study, the mean age (± standard deviation) of patients was 19.91 ± 10.34 (range 5-60) years. There were 76 (62.3%) males. Partial seizure with secondary generalization was the most common type of seizure. Sixty-eight (55.7%) patients presented with serial seizures. Moderate-to-severe perilesional edema was seen in 83 (68%) patients. EEG abnormalities were present in 21 (17.2%) patients. Other baseline characteristics are provided in Table 1 .
Follow-up. In 68 (55.7%) patients, solitary cysticercus granuloma had transformed into a calcified nodule. The granuloma had resolved completely in 44 (36.1%) patients. The remaining 10 (8.2%) patients either had partial resolution or no resolution of the granuloma.
Predictors of calcification of granuloma. Univariate analysis revealed that moderate-to-severe edema was significantly associated with calcification of the cysticercus granuloma (odds ratio: 3.325; 95% confidence interval: 1.502-7.362) ( Table 2) . On multivariate analysis, moderate-to-severe perilesional edema (P = 0.008) emerged as a significant predictor of calcific transformation.
Seizure recurrence. During 1 year of follow-up, 19 (15.6%) patients experienced seizure recurrence. In all patients with seizure recurrence, follow-up computed tomography was abnormal. In 16 patients, cysticercus granuloma had transformed in to a calcified lesion and in remaining three patients, granuloma was still present. On univariate analysis, in addition to calcific transformation of the granuloma (P = 0.010), significant predictors of seizure recurrence were lesion size greater than 10 mm (P = 0.013), presence of a disc enhancement (P = 0.003), and an abnormal EEG (P = 0.014) ( Table 3) . On multivariate analysis, in addition to calcified granuloma (P = 0.040), a lesion size greater than 10 mm (P = 0.023), disc enhancement (P = 0.027), and an abnormal EEG (P = 0.026) were significant predictors of seizure recurrence.
DISCUSSION
In this prospective study, we studied the natural course of 122 patients with solitary cysticercus granuloma presenting with new-onset seizure/s. In approximately a half of patients, cysticercus granuloma transformed in to a calcified nodule. Moderate-to-severe perilesional edema independently predicted calcification of the granuloma. Out of 19 patients with seizure recurrence, 16 patients had calcific transformation of the cysticercus granuloma.
The major strength of our study is that we included a large number of patients with solitary cysticercus granuloma and followed them for a year. We did not use albendazole and corticosteroids, thus we did not try to alter the natural course of the disease. In approximately 50% of patients, lesions healed with calcification. Our finding is important because a calcified lesion is a permanent source of seizure generation and may be a cause of refractory epilepsy. 14 The factors responsible for calcific transformation of solitary cysticercus granuloma are not precisely known. We tried to find an answer to this issue. We observed that a large amount of perilesional edema around solitary cysticercus granuloma was associated with calcific transformation. We hypothesize that a large perilesional edema reflects the amount of inflammation in and around the solitary cysticercus granuloma, which may in turn predispose to calcific transformation of the cysticercus granuloma. The parasite is able to restrain the immune response when it is viable but once the scolex degenerates, brain parenchyma is no longer able to control the immune response leading to degeneration of the cyst and the development of perilesional edema around the degenerating cyst. 15 Previously, Nash and coworkers had noted that in patients with seizures and a calcified neurocysticercosis lesion, neuroimaging often (50%; 12/24) demonstrated perilesional edema around the calcified lesion. They also noted that the perilesional edema was strongly associated with seizures. The exact mechanisms of perilesional edema in patients with calcified neurocysticercosis are not known. Possibly, intermittent release of cysticercal antigens from a calcified lesion produces an intense inflammatory reaction in the surrounding brain parenchyma resulting in perilesional edema. 16 Perilesional inflammation and disruption of the blood brain barrier play a crucial role in the neurocysticercosis associated epileptogenesis. 17, 18 Cytokines and mediators of the innate and adaptive immune systems are important in the pathogenesis of seizures in patients with solitary cysticercus granuloma. Many cytokines and chemokines such as intercellular adhesion molecule, interleukin-1 beta, tumor necrosis factor-alpha, and matrix metalloproteinases participates in the process of inflammation in and around the neurocysticercal lesion. Matrix metalloproteinases (MMP-2 and MMP-9) have been shown to be responsible for maintaining blood-brain barrier permeability. 19, 20 The perilesional edema seen around a calcified lesion, possibly, has a different pathogenesis than perilesional edema present around a solitary cysticercus granuloma. Histopathologically, a degenerated cysticercus is characterized with intense intracystic and capsular inflammatory response (consisting of mononuclear cells, some plasma cells, and a few eosinophils). The central mass consists of a degenerated cyst with distinguishable scolex with suckers. 15 A calcified dot in brain consists of a "dense mass of concentrated calcified calcareous corpuscles in the core" surrounded by a "dense collagenous wall making up the host capsule." The surrounding brain parenchyma showed reactive gliosis. 21 It has been argued that seizure recurrence in patients with calcified neurocysticercosis without perilesional edema may have a different mechanism of epileptogenesis. Perilesional cerebral parenchymal gliosis and concomitant mesial temporal sclerosis are possible reasons for seizure recurrence. Nash and coworkers suggested that small amount of inflammation that might remain undetected with routine neuroimaging techniques were responsible for seizure recurrences. 17 Can immunosuppressive and anti-inflammatory agents be useful in preventing calcific transformation of cysticercus granuloma? There are some isolated reports indicating that anti-inflammatory treatments, such as immunosuppressive drugs and corticosteroids, may play a role in controlling or preventing seizures in these patients. 22 However, the exact role of immunosuppressive drugs and corticosteroids can only be established after randomized controlled studies. Nash and coworkers noted that perilesional edema was slightly more frequent in patients who had received albendazole. 16 Can treatment with albendazole, corticosteroids, or a combination of both reduce the chances of calcific transformation of a solitary cysticercus granuloma? A meta-analysis evaluated the effect of antiparasitic treatment and corticosteroids on the calcific transformation of cysticercus granuloma. None of regimens showed a better effect on reducing the risk of residual calcification. 23 The use of computed tomography in our study might be contested. At one end, where it is an excellent modality to demonstrate calcification unequivocally, it may not be very sensitive in demonstrating perilesional edema. We could have used magnetic resonance imaging, which is superior in quantifying perilesional edema and in demonstration of scolex within the lesion. 20 Association of calcified neurocysticercosis with hippocampal atrophy could have been studied in patients with refractory epilepsy, but which required the use of magnetic resonance imaging.
In conclusion, in patients with solitary cysticercus granuloma, calcification of the lesion can be predicted with larger amount of perilesional edema.
